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(54) UQUID CRYSTAL DISPLAY DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a liquid crystal 
display device in which a driving voltage in renewing a 
picture is low and also in which a changing efficiency in 
performing the phase transition of the liquid crystal from 
'a focal conic state to a planar state is satisfactory. 
SOLUTION: The liquid crystal display device performs 
display by holding chiral nematic liquid crystal whose 
anisotropy of dielectric constant is positive between a 
substrate 1 1 provided with electrodes 12a, 12b and a 
substrate 21 provided with an electrode 22 and by 
utilizing selected reflection of the liquid crystal. When a 
longitudinal electric field D2 being roughly vertical to 
surfaces of the substrates is generated among the 
electrodes 12a, 12b and the electrode 22, the liquid 
crystal becomes to be in a focal conic state in which its 
helical axis is vertical to the longitudinal electric field D2. 
At this time, when a transverse electric field D1 being 
roughly parallel with surfaces of the substrates is 
generated between the electrodes 12a, 12b, the liquid " 

crystal becomes a planar state in which its helical axis is vertical to the transverse electric field 
DI. An alignment processing for making the helical axis coincide with the direction of the 
transverse electric field 01 is applied to an alignment control film in order to promote the 
change to the planar state. Moreover, in changing the liquid crystal to the planar state, a 
transverse electric field D1 having the intensity of the extent that it loosens the twist of the 
liquid crystal can be applied to the liquid crystal. 
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3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The liquid crystal display mostly characterized by having the orientation control means 
which makes the helical shaft of said liquid crystal which is in the electrode which can be 
impressed, and a focal conic condition alternatively about a perpendicular direction and almost 
parallel electric field in agreement in the sense of almost parallel electric field to a substrate to 
the substrate of a pair, the liquid crystal in which it is pinched between said substrates and the 
cholesteric phase whose dielectric constant anisotropy is forward is shown, and said substrate. 
[Claim 2] The liquid crystal display according to claim 1 characterized by the electric field 
impressed almost in parallel to a substrate in case said liquid crystal is changed from a focal 
conic condition to a planar condition being what makes the spiral pitch of liquid crystal longer 
than the spiral pitch in a foca! conic condition. 

[Claim 3] Said orientation control means is a liquid crystal display according to claim 1 or 2 
characterized by being the orientation control film with which at least one side was given among 
rubbing processing or photo alignment processing. 

[Claim 4] The substrate of a pair, and the liquid crystal in which it is pinched between said 
substrates and the cholesteric phase whose dielectric constant anisotropy is forward is shown, 
As opposed to said substrate mostly a perpendicular direction and almost parallel electric field 
alternatively The electrode which can be impressed. The liquid crystal display characterized by 
the electric field impressed almost in parallel to a substrate in case a preparation and said liquid 
crystal are changed from a focal conic condition to a planar condition being what makes the 
spiral pitch of liquid crystal longer than the spiral pitch in a focal conic condition. 
[Claim 5] Claim 1 characterized by having further the driving means which drives by impressing 
an electrical potential difference to said electrode, claim 2, a liquid crystal display according to 
claim 3 or 4. 
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precisely. 

2.**** shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the liquid crystal display which pinches a liquid 
crystal display and the liquid crystal in which a cholesteric phase is shown, and displays between 
the substrates of a pair especially using the selective reflection of this liquid crystal. 
[0002] 

[Background of the Invention] In recent years, various liquid crystal display components are 
developed and offered. In it, in order that a reflective mold liquid crystal display component may 
display by reflecting ambient light (external light), it can be displayed by little power consumption 
compared with the transparency mold liquid crystal display component which needs a back light, 
and is adopted as displays, such as a cellular phone and mobile computing devices, taking 
advantage of this advantage. Moreover, researches and developments of the further low-power- 
izing are also done briskly, and the reflective mold liquid crystal display component which has 
memory nature is proposed. 
[0003] 

[Description of the Prior Art] It is indicated by the 29th volume (SID International Symposium 
Digestof Technical Paper) of a technical paper SID international symposium JUMU epitome, and 
897 pages as a mode of operation of a reflective mold liquid crystal display component which has 
memory nature. This mode of operation is a method which displays by switching the orientation 
condition of a chiral nematic liquid crystal to either a planar condition (selective reflection 
condition of light), and a focal conic condition (transparency condition of light). A planar 
condition and a focal conic condition maintain the condition semipermanently, unless external 
force will be added once it sets liquid crystal to one of conditions since it is in a respectively 
stable condition. That is, the image displayed even if it turned off the power, once it displayed 
the image is useful as a reflective mold liquid crystal display component equipped with the 
memory nature maintained as it is. 

[0004] The reflective mold liquid crystal display component indicated by said reference is the 
configuration which pinched the chiral nematic liquid crystal which has a forward dielectric 
constant anisotropy between the substrates of the pair equipped with the electrode, 
respectively, and changes liquid crystal to a predetermined condition (a planar condition and 
focal conic condition) by making electric field act perpendicularly to a substrate, and controlling 
the reinforcement and/or impression time amount of the electric field by the electrode. 
[0005] enough for liquid crystal in the electrical potential difference more than the threshold 
voltage for dispelling the torsion — if time amount impression is carried out, all liquid crystal will 
be in a HOMEOTORO pick condition (the direction of a matjor axis of a liquid crystal molecule is 
a perpendicular condition to a substrate). Liquid crystal will become a distorted array if electric 
field are eliminated, since this condition does not have memory nature. When electric field are 
eliminated rapidly, it will be in a planar condition from a HOMEOTORO pick condition, and when 
electric field are eliminated gradually, it will be in a focal conic condition. 
[0006] Moreover, when the pulse voltage more than the threshold voltage for dispelling the 
torsion (electrical potential difference of the pulse width from which some liquid crystal will be in 
a HOMEOTORO pick condition) is impressed to the liquid crystal of a focal conic condition, the 
liquid crystal which changed into the HOMEOTORO pick condition will be in a planar condition 
after impression termination of a pulse voltage. By controlling the width of face of a pulse 
voltage, and/or the height of an electrical potential difference, the rate of the liquid crystal which 
will be in a planar condition can be adjusted (halftone is displayed). 
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[0007] 

[Problem(s) to be Solved by the Invention] However, in said liquid crystal display component 
using a chiral nematic liquid crystal, it has the trouble that the driver voltage at the time of 
renewal of an image is high. That is. although a chiral nematic liquid crystal shows 50% of 
reflection factor theoretically, when a liquid crystal layer is thin, it falls to less than 50%. In 
especially the liquid crystal that carries out selective reflection of the red with a long spiral 
pitch, decline in a reflection factor is remarkable. Therefore, It is necessary to set up thickly the 
thickness (thickness of the liquid crystal layer which performs red selective reflection especially) 
of a liquid crystal layer so that sufficient reflection factor may be obtained, and driver voltage 
becomes high as the result. 

[0008] Then, this invention persons considered utilization by the drive approach of impressing 
alternatively a perpendicular direction and almost parallel electric field mostly to a substrate, and 
changing the condition of liquid crystal. By this drive approach, vertical electric field 
perpendicular to a substrate side are impressed, for every pixel which should display an image 
after resetting liquid crystal collectively in the focal conic condition, horizontal electric field 
parallel to a substrate side are impressed, and liquid crystal is changed to a planar condition. 
According to this drive approach, it becomes a configuration advantageous to reducing driver 
voltage by making the inter-electrode distance which impresses horizontal electric field 
approach as much as possible on processing, without reducing a reflection factor. 
[0009] However, by said drive approach, it became clear that the change effectiveness at the 
time of carrying out phase transition from a focal conic condition to a planar condition is low. 
[0010] Then, the purpose of this invention has the change effectiveness from a focal conic 
condition to a planar condition in offering a good liquid crystal display low [ the driver voltage at 
the time of renewal of an image ]. 
[0011] 

[The configuration, an operation, and effectiveness] of invention In order to attain the above 
purpose, the liquid crystal display concerning the 1st invention The substrate of a pair, and the 
liquid crystal in which it is pinched between these substrates and the cholesteric phase whose 
dielectric constant anisotropy is forward is shown. It is characterized by having the orientation 
control means which makes the helical shaft of said liquid crystal which is in the electrode which 
can be Impressed, and a focal conic condition alternatively about a perpendicular direction and 
almost parallel electric field mostly in agreement with the sense of almost parallel electric field 
to a substrate to said substrate. 

[0012] Moreover, the liquid crystal in which the liquid crystal display concerning the 2nd 
Invention Is pinched between the substrate of a pair, and this substrate, and the cholesteric 
phase whose dielectric constant anisotropy is forward is shown. As opposed to said substrate 
mostly a perpendicular direction and almost parallel electric field alternatively The electrode 
which can be impressed. The electric field impressed almost in parallel to a substrate in case a 
preparation and said liquid crystal are changed from a focal conic condition to a planar condition 
are characterized by being what makes the spiral pitch of liquid crystal longer than the spiral 
pitch in a focal conic condition. 

[0013] If a dielectric constant anisotropy impresses an electrical potential difference high enough 
to the liquid crystal in which a forward cholesteric phase is shown, torsion of a liquid crystal 
molecule will be cleared and it will be suitable in the direction in which the direction of electric 
field and a helical shaft cross at right angles. A threshold exists in the electrical potential 
difference which torsion of a liquid crystal molecule solves. Moreover, if the electrical potential 
difference below threshold voltage is impressed, liquid crystal will be suitable in the direction in 
which the electric-Tield impression direction and a helical shaft cross at right angles, without 
dispelling torsion. 

[0014] Thus, by changing the impression direction of electric field, the helical shaft of liquid 
crystal can change almost perpendicularly and almost horizontally to a substrate, and liquid 
crystal can be directly changed between a planar condition and a focal conic condition. 
Moreover, if the electrical potential difference below said threshold voltage is impressed, without 
passing through a HOMEOTORO pick condition, liquid crystal can change directly between a 
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planar condition and a focal conic condition, and can be conventionally driven by the low battery. 
In this case, in order not to pass through a HOMEOTORO pick condition at the time of renewal 
of an image, the whole screen becomes black momentarily and the fault image quality 
deteriorates is not produced. 

[0015] by the way . in the liquid crystal display component in which an orientation control film be 
prepared , although the helical shaft be usually almost parallel to a substrate side . when the 
liquid crystal in a focal conic condition be observe superficially . even if helical shaft orientation 
be random and this point impress horizontal electric field parallel to a substrate side , no liquid 
crystal molecules change to a planar condition . but it be think that change effectiveness be the 
bad cause . 

[0016] So. in the liquid crystal display concerning the 1st invention, since it was made to make 
the helical shaft of the liquid crystal in a focal conic condition in agreement with the sense of 
almost parallel electric field to a substrate by the orientation control means, horizontal electric 
field are considered to act in more liquid crystal molecules effectively, the change effectiveness 
to the planar condition of liquid crystal improves, and, as a result, the reflection factor in a planar 
condition rises. 

[0017] As for said orientation control means, it is desirable to use the orientation control film by 
which could use the orientation control film which performed various orientation processings, and 
rubbing processing was carried out. or the orientation control film by which photo alignment 
processing was carried out. 

[0018] Moreover, in the liquid crystal display concerning the 2nd invention, when changing liquid 
crystal from a focal conic condition to a planar condition, in order for the electric field impressed 
almost in parallel to a substrate to make the spiral pitch of liquid crystal longer than the spiral 
pitch in a focal conic condition, torsion will be in the condition that it was able to solve partially 
or completely, and torsion arises at the moment of impression of electric field being stopped, and 
it will be in a planar condition. Such a change of state changes the helical shaft of more liquid 
crystal perpendicularly mostly to a substrate, its change effectiveness to the planar condition of 
liquid crystal improves, and. as a result, the reflection factor in a planar condition rises. 
[0019] Moreover, the focus of said the 1st and 2nd invention may be combined. That is, in case 
it has the orientation control means which makes the helical shaft of the liquid crystal in a focal 
conic condition in agreement with the sense of almost parallel electric field to a substrate and 
liquid crystal is changed from a focal conic condition to a planar condition, you may constitute so 
that the electric field impressed almost in parallel to a substrate may make the spiral pitch of 
liquid crystal longer than the spiral pitch in a focal conic condition. Now. the change 
effectiveness to the planar condition of liquid crystal improves more, and the reflection factor in 
a planar condition rises more. 

[0020] in the liquid crystal display concerning the 1st and 2nd invention, it has been arranged in 
a mutually different flat-surface location on the same substrate at said electrode — the 
electrode of a lot may be contained at least. It can make inter-electrode [ of this lot ] generate 
horizontal electric field easily. As an example of such an electrode, the ctenidiumHike electrode 
of the lot arranged at the nest can be mentioned. 

[0021] Furthermore, the liquid crystal display concerning the 1st and 2nd invention can be 
equipped with the driving means which drives by impressing an electrical potential difference to 
said electrode. 
[0022] 

[Embodiment of the Invention] Hereafter, the operation gestalt of the liquid crystal display 

concerning this invention is explained with reference to an accompanying drawing. 

[0023] (Refer to theoretic explanation and drawing 1 ) The liquid crystal in which a cholesteric 

phase is shown as a display medium is used for the liquid crystal display concerning this 

invention, and its chiral nematic liquid crystal is typical as this kind of liquid crystal. 

[0024] A chiral nematic liquid crystal is obtained by adding the chiral material of the specified 

quantity to a nematic liquid crystal. As shown in drawin g 1 (A), generally as for this chiral 

nematic liquid crystal, the rod-like liquid crystal molecule shows nothing and a cholesteric phase 

for the distorted array. When light carried out incidence to this liquid crystal and light carries out 
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incidence from an parallel direction to a helical shaft, selective reflection of the light of the 
wavelength shown by lambda=np is carried out (planar condition). Here, lambda is the distance (it 
is hereafter described as a spiral pitch) in which wavelength and n can twist the average 
refractive index of a liquid crystal molecule, and p has twisted 360 degrees of liquid crystal 
molecules. On the other hand, when light carries out incidence from a perpendicular direction to 
a helical shaft, light is penetrated, without reflecting substantially (focal conic condition). A 
display is performed using this selective reflection and transparency. In addition, the cholesteric 
phase of liquid crystal is shown also like drawing 1 (B). 

[0025] By the way. although the liquid crystal molecule is cylindrical, it has the anisotropy from 
which a refractive index and a dielectric constant differ in the longitudinal direction (major axis) 
and a direction (minor axis) perpendicular to it, A dielectric constant anisotropy calls liquid 
crystal with larger refractive index and dielectric constant of the direction of a major axis of a 
liquid crystal molecule than them of the direction of a minor axis forward liquid crystal. On the 
other hand, a dielectric constant anisotropy calls liquid crystal with the dielectric constant of the 
direction of a m^or axis smaller than that of the direction of a minor axis negative liquid crystal 
more greatly [ the refractive index of the direction of a msuor axis of a liquid crystal molecule ] 
than that of the direction of a minor axis. 

[0026] If a dielectric constant anisotropy impresses an electrical potential difference high enough 
to forward liquid crystal, torsion will be cleared, and it moves so that the major axis (shaft with a 
large dielectric constant) of a liquid crystal molecule may be suitable in the direction parallel to 
the direction of electric field. A threshold exists in the electrical potential difference which this 
torsion solves, and threshold voltage is set to Vh. 

[0027] Moreover, if an electrical potential difference lower than said threshold voltage Vh is 
impressed to liquid crystal, liquid crystal will move, without dispelling torsion so that a helical 
shaft may be suitable in the perpendicular direction to the direction of electric field. A threshold 
exists also in the electrical potential difference to which this helical shaft is moved, and this 
threshold voltage is set to Vf. 

[0028] The relation of such threshold voltage Vh and Vf is Vf<Vh. Moreover, even if it impresses 
an electrical potential difference lower than threshold voltage Vf to liquid crystal, a liquid crystal 
molecule does not move, namely, helical shaft orientations do not change: 

[0029] (Refer to the 1st operation gestalt and drawing 2 ) The liquid crystal display component 1 
which is the 1 st operation gestalt As shown in drawing 2 , Electrodes 1 2a and 1 2b and the 
orientation control film 14 which have been arranged in a flat-surface location which is mutually 
different in the lower substrate 1 1 are prepared. An electrode 22 and the orientation control film 
24 are formed in the upper substrate 21. and it consists of a configuration which pinched the 
substrate 1 1 and the chiral nematic liquid crysta^prepared as chiral material was added to a 
nematic liquid crystal and a room temperature showed a cholesteric phase to it among 21. In 
drawing 2 , several [ of the pixel of one unit / 1/] is shown roughly. 

[0030] A dielectric constant anisotropy will be forward, as liquid crystal, if a room temperature 
shows a cholesteric phase, various things can be used, typically, chiral material will be added to a 
nematic liquid crystal, and the chiral nematic liquid crystal in which the cholestericHiquid-crystal 
phase was shown at the room temperature will be used. The addition of chiral material can be 
used as 8 - 45% of the weight of the cholesteric-liquid-crystal constituent whole [ for example, ]. 
as a commercial thing — the liquid crystallinity compounds MLC6080 (Merck Co. make) and 
EV31 ~ LV (Merck Co. make) and MN9014 (Chisso Corp. make) are alike, respectively, and it is 
independent about the chiral material R-811, R-101 1, and CB15 (Merck Co. make) ~ it is — 
what combined and carried out specified quantity addition can be used. 

[0031] Various things, such as plastic film, such as glass, polyether sulfone (PES), polyethylene 
terephthalate (PET), and a polycarbonate (PC), can be used for the ingredient of substrates 1 1 
and 21. A lightweight and thin thing is desirable. Transparent electrode ingredients, such as ITO 
and IZO. can be used for the ingredient of electrodes 12a. 12b. and 22, and it may use non- 
transparent electrode ingredients, such as aluminum and Cu. for the electrodes 12a and 12b of 
the bottom substrate 11. Electrodes 12a and 12b may be arranged to two steps through an 
insulator layer 13 (refer to drawing 5 ). The orientation control film 14 and 24 is formed so that 
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electrodes 12a. 12b, and 22 may be covered. An insulator layer 13 and the orientation control 
film 14 and 24 can use a well-known ingredient conventionally. 

[0032] In addition. Electrodes 12a and 12b are electrodes of the shape of a ctenidium which 
extended in the direction which intersects perpendicularly with the space of drawing 2 . and 
arranged by turns to the longitudinal direction of space, and has been arranged at it An 
electrode 22 may be an electrode which extends in the longitudinal direction of drawing 2 which 
has the width of face for at least 1 pixel, and may be a whole surface electrode which covers the 
whole image display side. 

[0033] in order [ furthermore, ] to hold the gap between a substrate 1 1 and 21 uniformly and 
uniformly — the need — responding — the parttele for spacers to between a substrate 1 1 and 
21 — the resin structure of the shape of pillar-shaped or a wall is arranged. Moreover, the light 
absorption layer which absorbs the light is prepared in the rear face of the lower substrate 1 1 . A 
light absorption function may be given to substrate 1 1 the very thing. Moreover, it is desirable to 
prepare a sealant in the perimeter of substrates 11 and 21, and to close liquid crystal between 
substrates. 

[0034] When it drives so that the electrical-potential-difference difference more than Vf may be 
produced lower among electrode prepared in substrate 1 1 side if it was in chiral nematic liquid 
crystal which has forward dielectric constant anisotropy in liquid crystal display component 1 
which consists of above configuration 12a. and 12b than Vh. as it is shown in drawing 2 (A), the 
horizontal electric field D1 parallel to a substrate side occur, and it is suitable in the direction 
where the helical shaft of liquid crystal is almost perpendicular to a substrate side. That is, liquid 
crystal will be in a planar condition and the selective reflection of predetermined wavelength will 
produce it 

[0035] If it drives so that the electrical-potential-difference difference more than Vf may be 
produced between Electrodes 1 2a and 1 2b and an electrode 22 on the other hand lower than Vh. 
as shown in drawing 2 (B). the vertical electric field D2 perpendicular to a substrate side will 
occur, and the helical shaft of liquid crystal will be suitable in the direction parallel to a substrate 
side. That is. liquid crystal will be in a focal conic condition, and will penetrate light 
[0036] (A modification, drawing 3 . 4 reference) Various patterns can be used for the electrodes 
12 and 22 prepared in the substrates 1 1 and 21 of a pair besides the pattern shown in drawing 
2 . In short, two or more electrodes which can control ON of an electrical potential difference 
and OFF exist, if it is a perpendicular direction and the gestalt which can carry out a<4justable in 
parallel to a substrate side about the electric field formed between substrates, a helical shaft 
can be controlled and liquid crystal can be switched to a focal conic condition and a planar 
condition. 

[0037] For example, as shown in drawing 3 , two or more electrodes 12a, 12b, 22a, and 22b may 
be formed in the location which counters mutually at each of substrates 11 and 21. In this case, 
if it drives so that an electrical-potential-difference difference may be produced between 
electrode 12a and 12b and between electrode 22a and 22b. the horizontal electric field D1 
parallel to a substrate side will occur. Moreover, if it drives so that an electrical-potential- 
difference difference may be produced between electrode 12a and 22a and between electrode 
12b and 22b. the vertical electric field D2 perpendicular to a substrate side will occur. 
[0038] Moreover, as shown in drawing 4 . it may extend in the direction which intersects 
perpendicularly with a substrate 11 at electrode 12a and space, and electrode 12b of the shape 
of a ctenidium put in order and arranged to the longitudinal direction of space may be prepared 
through an insulator layer 13, and the broad electrode 22 may be formed in a substrate 21. In 
this case, if it drives so that an electrical-potential-difference difference may be produced 
between electrode 12a and 12b, the horizontal electric field D1 parallel to a substrate side will 
occur. Moreover, if it drives so that an electrical-potential-difference difference may be 
produced between electrode 12a and 22. the vertical electric field D2 perpendicular to a 
substrate side will occur. 

[0039] The direction and reinforcement of electric field to generate can be adjusted by changing 
the physical relationship, distance, or applied voltage of drawing 2 and the electrodes 12a, 12b. 
and 22 shown in 3 and 4. For example, if spacing of Electrodes 12a and 12b is made small, the 
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reinforcement of the electric field generated in the meantinne will become large. Since inter- 
electrode distance is related to driver voltage, it is desirable to optimize according to the 
physical properties of liquid crystal, the configuration of a liquid crystal display component, etc. 
[0040] (Refer to the example of an electrode configuration for a passive-matrix drive, and 
drawing 5 ) Here, in the configuration shown in drawing 4 of said 1 st operation gestalt. the 
example of 1 configuration of electrodes 12a. 12b, and 22 prepared in substrates 11 and 21 is 
shown in drawing 5 . 

[0041] Scan electrode 12a prepared in the substrate 11 is formed as a ctenidiumHike electrode 
with the detailed die length corresponding to the magnitude of one side of 1 pixel, and signalj 
electrode 12b is formed as a detailed ctenidiumHike electrode by which the group division was 
carried out corresponding to the magnitude of the 1 -pixel other sides. The reset electrode 22 
prepared in the substrate 21 is formed as a whole surface electrode corresponding to an image 
display field. 

[0042] The reset electrode 22 is connected to the scan signal / reset-signal drive circuit 27 
through the contact lines 25 and 26. Scan electrode 12a is also connected to this scan signal / 
reset-signal drive circuit 27. Moreover, signal-electrode 1 2b is connected to the data signal drive 
circuit 29. 

[0043] When newly writing in a display, in updating, it produces the electrical-potential- 
difference difference more than Vf between scan electrode 12a and the reset electrode 22 first 
to the chiral nematic liquid crystal which has a forward dielectric constant anisotropy lower than 
Vh. Now, the liquid crystal of all pixels is reset by the focal conic condition toward the direction 
where the helical shaft of liquid crystal is almost parallel to a substrate side. 
[0044] Next, the electrical-potential-difference difference more than Vf is produced between 
scan electrode 12a and signal-electrode 12b to the pixel which writes in an image lower than Vh. 
Only the liquid crystal of a pixel with which the electrical potential difference was impressed now 
toward the direction where the helical shaft of liquid crystal is almost perpendicular to a 
substrate side changes to a planar condition. This image write-in drive is based on the passive- 
matrix drive method which gives a pulse signal based on image data to signal-electrode 12b, 
choosing scan electrode 12a of one line at a time. 

[0045] In addition, in a passive-matrix drive, the electrical potential difference (cross talk 
electrical potential difference) supplied from a drive circuit also to the pixel (liquid crystal) used 
as the candidate for a drive is impressed. However, if this cross talk electrical potential 
diifference is stopped lower than threshold voltage Vf, the condition of liquid crystal will not 
change. 

[0046] By the way, in the example of an electrode configuration shown in drawing 5 , besides 
driving by the package reset method mentioned above, scan electrode 12a can also be driven by 
the division reset method changed in the direction aiming at a helical shaft, after resetting two or 
more [ of a pixel / per every line ]. or two or more lines to coincidence. Moreover, it can drive 
also by the individual drive method which sets the helical shaft in the direction of the purpose 
for every pixel, without making it reset. 

[0047] (The change effectiveness to a planar condition, drawing 6 - 9 reference) The liquid 
crystal whose dielectric constant anisotropy is forward has the low effectiveness which changes 
phase transition into a planar condition from a focal conic condition. Here, how to gather the 
reason and effectiveness is explained. 

[0048] As the molecular arrangement of a chiral nematic liquid crystal is shown in drawing 6 , the 
flat surfaces which have gathered in the direction where the sense of a liquid crystal molecule is 
fixed are piled up little by little with torsion in the direction of a molecule. In the liquid crystal 
display component in which the unsettled orientation control film was prepared, although the 
helical shaft is located in parallel with a substrate side, liquid crystal forward in the dielectric 
constant anisotropy in a focal conic condition usually When it observes superficially, many 
minute fields (domain) it turns [ fields ] to various directions as shown in drawing 7 (A), drawing 8 
(A), and drawing 9 (A) exist in one component, and helical shaft orientation has them. [ random ] 
In addition, drawing 7 - drawing 9 are illustrating only one spiral structure typically. 
[0049] Even if especially the liquid crystal molecule located in the direction in which the 
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horizontal electric field D1 and a helical shaft cross at right angles as shown in drawing 7 
impresses the horizontal electric field D1, it will be in the condition that spiral structure rolls, and 
will not rise in the planar condition. On the other hand, as shown in drawing 8. the horizontal 
electric field D1 act effectively, and the liquid crystal molecule with which the helical shaft is 
located in parallel with the horizontal electric field Dl rises. Therefore, if orientation processing 
which turns to the orientation control film 1 4 in the direction in which the horizontal electric field 
Dl and the direction of a mauor axis of the liquid crystal molecule of a focal conic condition 
cross at right angles and whose helical shaft corresponds with the sense of the horizontal 
electric field Dl if it puts in another way is performed, the change effectiveness to a planar 
condition will improve and a reflection factor will rise. 

[0050] Although the approach of the conventional versatility is learned and orientation 
processing can adopt them, it is desirable to adopt rubbing processing or a photo alignment 
method. A photo alignment method carries out induction of the anisotropy for all. such as 
photodimerization. a photoisomerization reaction, or a photolysis reaction, to the front face of 
the orientation control film using a well-known approach, and orientation of the liquid crystal 
molecule is carried out. 

[0051] As other approaches of raising the change effectiveness to a planar condition, the 
electrical potential difference more than the threshold voltage which torsion solves may be 
impressed to the liquid crystal in a focal conic condition. As shown in drawing 9 (B). the liquid 
crystal molecule which was once able to dispel torsion can be spirally twisted according to the 
torsion effectiveness of chiral material at the moment of stopping impression of an electrical 
potential difference. At this time, according to an operation of the orientation control film 14, 
liquid crystal will be in a planar condition, the change effectiveness to a planar condition is good, 
and a reflection factor rises. 

[0052] In addition, what is necessary is just to impress the horizontal electric field Dl as for 
which the spiral pitch of liquid crystal becomes longer in short than the spiral pitch in a focal 
conic condition that what is necessary is that did not need to solve not necessarily completely 
[ torsion of liquid crystal ] in the latter approach, and torsion will just once be able to be 
dispelled partially at least. 

[0053] Moreover, if the orientation processing to the former orientation control film and the 
method of impressing the electrical potential difference more than the latter threshold voltage 
which torsion solves partially at least are combined, the change effectiveness to the planar 
condition of liquid crystal will improve more. 

[0054] (Explanation of the example of an experiment) Next this invention persons actually 
manufacture and explain the liquid crystal display which conducted the drive experiment. 
[0055] (Example 1 of an experiment) What was manufactured as an example 1 of an. experiment 
was a liquid crystal display which has the electrode configuration shown in drawing 5 , formed 
the ITO film in the substrate 1 1 which consists of a polycarbonate film, and carried out 
patterning of the electrodes 12a and 12b by the photolithography method The gap of Electrodes 
12a and 12b was set to 5 micrometers, the orientation control film 14 — : made from JSR — it 
formed by flexographic printing using AL8254. 

[0056] On the other hand, the ITO film was formed in the substrate 21 which consists of a 
polycarbonate film, and the electrode 22 was formed by the photolithography method, the 
orientation control film 24 — : made from JSR ~ it formed by flexographic printing using 
AL8254. 

[0057] Said substrates 1 1 and 21 manufactured lamination and a liquid crystal panel in the 
condition of having pinched the chiral nematic liquid crystal and the gap attachment component. 
In order to prevent that substrate spacing becomes narrow.-: [ by the Sekisui fine chemical 
company ] micro pearl with a particle size of 10 micrometers was used for the gap attachment 
component, in order to prevent that substrate spacing spreads, the adhesives of an urethane 
system were used, and the pillar-shaped resin structure of height [ a little ] higher than the 
diameter of a spacer has been arranged in the shape of a grid. Moreover, the periphery section 
of a substrate was closed by the sealant. 

[0058] Rubbing processing was performed so that the helical shaft of the liquid crystal of a focal 
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conic condition might be in agreement in the direction of horizontal electric field, and it was 
made to wash and dry after rubbing processing on condition that the following to said orientation 
control film 14 and 24. 

rubbing roller quality-of-the-material: — diameter of rayon rubbing roller: — number of 60mm 
rubbing roller rotations: — amount of 50rpm rubbing roller pushing: — 0.3mm table rate (relative 
feed rate of roller to substrate): — a part [0059] for 100m/ As a chiral nematic liquid crystal, the 
chiral material CB15 (Merck Co. make) 30 weight section was added in the liquid crystallinity 
compound MN9014 (Chisso Corp. make) 70 weight section, and the liquid crystal constituent 
which has a forward dielectric constant anisotropy was prepared and used. 
[0060] Electrical-potential-difference 60V were impresse*d with a spacing of 5 micrometers 
between electrode 12a and 12b, and the liquid crystal in a FOKARU conic condition was made to 
generate the horizontal electric field D1 in the liquid crystal display which pinched said liquid 
crystal constituent between substrates. The reflection factor in a focal conic condition was 8%. 
and if shown in the liquid crystal display which performed said rubbing processing, the reflection 
factor after change was 35% in the planar condition. On the other hand, when rubbing processing 
had not been performed with the liquid crystal display of the same configuration, the reflection 
factor after change was 25% in the planar condition. 

[0061] (Example 2 of an experiment) It has the same configuration as said example 1 of an 
experiment, and the liquid crystal display which pinched the same liquid crystal constituent 
between the substrates of a pair was manufactured. In addition, the ultraviolet rays (wavelength: 
365nm. light exposureilOO - 300 J/cm2) which carried out the linearly polarized light to the 
orientation control film 1 4 and 24 were irradiated, and orientation processing by the photo 
alignment method was performed. 

[0062] Electrical-potential-difference 60V were impressed with a spacing of 5 micrometers 
between electrode 12a and 12b. and the liquid crystal in a FOKARU conic condition was made to 
generate the horizontal electric field D1 in this liquid crystal display. The reflection factor in a 
focal conic condition was 8%, and if shown in the liquid crystal display which performed 
processing by said photo alignment method, the reflection factor after change was 30% in the 
planar condition. On the other hand, when orientation processing had not been performed with 
the liquid crystal display of the same configuration, the reflection factor after change was 25% in 
the planar condition. 

[0063] (Example 3 of an experiment) It has the same configuration as said example 1 of an 
experiment, and the liquid crystal display which pinched the same liquid crystal constituent 
between the substrates of a pair was manufactured. In addition, orientation processing was not 
performed to the orientation control film 1 4 and 24. 

[0064] Electrical-potential-difference 90V which torsion of a liquid crystal molecule solves were 
impressed, and the liquid crystal in a FOKARU conic condition was made to generate the 
horizontal electric field D1 with a spacing of 5 micrometers between electrode 12a and 12b in 
this liquid crystal display. The reflection factor in a focal conic condition was 8%, and the 
reflection factor after change was 30% in the planar condition at the time of impressing 
electrical-potential-difference 90V. When electrical-potential-difference 60V below the 
threshold which torsion solves with the liquid crystal display of the same configuration on the 
other hand were impressed, the reflection factor after change was 25% in the planar condition. 
[0065] (Example 4 of an experiment) It has the same configuration as said example 1 of an 
experiment, and the liquid crystal display which pinched the same liquid crystal constituent 
between the substrates of a pair was manufactured. Rubbing processing was performed like the 
example 1 of an experiment to the orientation control film 14 and 24. 

[0066] Electrical-potential-difference 90V which torsion of a liquid crystal molecule solves were 
impressed, and the liquid crystal in a focal conic condition was made to generate the horizontal 
electric field Dl with a spacing of 5 micrometers between electrode 12a and 12b in this liquid 
crystal display. The reflection factor in a focal conic condition was 8%, and the reflection factor 
after change in the planar condition at the time of impressing electrical-potential-difference 90V 
was 38%. 

[0067] (Other operation gestalten) in addition, the liquid crystal display concerning this invention 
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is not limited to said each operation gestalt, within the limits of the summary, can be boiled 
variously and can be changed. 

[0068] It can constitute from what was constituted from one layer of the display device shown 
with said each operation gestalt especially as a display, a thing (full color display) which carried 
out the laminating of the display device which performs each selective reflection of R, G, and B 
to three layers, or a thing which carried out the laminating of the display device which performs 
selective reflection of the wavelength of arbitration to two-layeK Furthermore, the internal 
configuration of a drive circuit and its combination are arbitrary. 

[0069] Moreover, although the liquid crystal display component of a passive-matrix mold is 
mentioned as the example with said operation gestalt. also in the liquid crystal display 
component of the active-matrix mold which has a switching element (for example, TFT:Thin Film 
Transistor and TFD:Thin Film Diode) for every pixel, this invention is applicable. 
[0070] Moreover, about the configuration of an electrode, various configurations are employable 
besides having been shown in drawing 2 . and 3 and 4. and in short, if formation of the electric 
field of at least two directions is possible to inter-electrode [ two or more ], it is possible to 
control the helical shaft orientations of liquid crystal. 



[Translation done.] 
* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The explanatory view of a chiral nematic liquid crystal. 

[Drawing 2] The sectional view of the liquid crystal display component which is the 1st operation 
gestalt of this invention shows the condition that (A) generated horizontal electric field parallel 
to a substrate side, and the condition that (B) generated vertical electric field perpendicular to a 
substrate side. 

[DrawinE 3] The sectional view of the liquid crystal display component which is the 1 st 
modification. 

[Drawing 41 The sectional view of the liquid crystal display component which is the 2nd 
modification. 

[Drawing 51 The perspective view showing the example of an electrode configuration for a 
passive-matrix drive. 

[Drawing 6] The explanatory view showing the array of a chiral nematic liquid crystal molecule. 
[Drawing 71 An explanatory view in case the liquid crystal molecule in a focal conic condition 
cannot change to a planar condition easily. 

[Drawing 8l The explanatory view showing an example in case the liquid crystal molecule in a 
focal conic condition tends to change to a planar condition. 

[Drawing 9l The explanatory view showing other examples in case the liquid crystal molecule in a 

focal conic condition tends to change to a planar condition. 

[Description of Notations] 

1 — Liquid crystal display component 
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11 21 — Substrate 

1 2 22 ~ Electrode 

D1 — Horizontal electric field 
D2 — Vertical electric field 
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2b«:^>-5'-->i^l,fc. 2a. 12 bOmmiit 

5 umtl^fc. m^UmmiAitJ SRW^: Ah8 2 40 
5 4%fflt,ir7 U^^rVEnSlRJzOJ&fiSOfc. 

[00 5 6 ]— :Sr. ;J^y:^-;J<^>-h7^;l/A*ie>ncS 
S«2 1 (C I TO)9l?r0fi)cb> 7* h 'Jvy^^^S-C 
«® 2 2 iSrKIt /c. IBl^ftlJISPIBI 24»JSRtij;{:AL 
8 2 5 4 4 fflt^r 7 U + V EniOfC «t <5 Jf^^ U fc, 

[0 05 7 ] BiJiBSS 11. 2 1 «. y 
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(0058) t(rgeseisi«(i«PJ!i 14. 24m vrmr 

■^tf^i'a-'yS: 6 0mm 
•5fcr>i^a-^[Hllte!K : 5 0 r pm 
^t^^i'o— 5Jfi2,*fi : 0. 3mm 

10 0 m/» 

[0 05 9] *-<7;l';^-5'g=--^i'S[S<!:L-T«. ygelii* 
^b^^MN 9 0 14 i^v vast) 7 OMSIJCC*-^ 7 

;i/ttCB 1 5 3 omstmmmb. ie© 

[0060] msm^Bmjs.'&imm'Sic^^bfc.m^Bm. 

(C. |i9|ii35Mm©mei 2 a. 1 2 bRD(CSE6 0 

St^li3 5%-C*o;rt. — :^r, [^D«tlR©jRSan^B 

-fb^OSMsStt 2 5 -9 /c. 

[006 1 ] imi^m 2 ) WiBUKW 1 ilH D«<«=SrW 

»itlSiS^O/cSg^i£l (i^tg : 3 6 5 nm. : 1 

0 0~3 0 0 J/cm') 'SifmOXmS^^liC^i^ 

[0 062] C©fSa«m^StC*jt,>-C. ^^^-Jba 
^vPtrnvz^im^iC. Miiil5 Mm©S«Bl 2 a. 1 

2 bfai«:«BE6 ovsrmauxmmnD i ^^si* 

/c. 7*-*;U=i::-5'd'<*SlT©i5l^$«8%-C**). 

«. y w - :^t*:®'^s:^ tm©jSS*^» 3 0 /c. 

— |5ID«tfiJ4©jffiSa^SSS-CiafiJ«ail=£:*SO-CI,»fd: 
t>i©^. 7'U-:#-ttS8'^S!'fbSi©SS*$«2 5%-C*^ 

[0 06 3] (11^0113) ^SB|I^«^1 <!: IS) C^^^W 

SaS^tifFL/Zc, ^C*j. i3lfiJ«08P)Sl 4. 2AiCtcibX 

[0 06 4] C©?ffiaS^j^S5g«:*5t,»-c. 7;r*-;UD 
=■ V ^t^.®(C« %%^(C. MRI 5 a mOHIE 12a. 1 
2 b ?gB^^>T-©*a Dn7!)58?W ^)mE 9 0V €rE|7»D 



C7) 



"COSWSSW 8 %T * ») . «E 9 0 V *En»n L/feii^© * 

:f\^-tvtm^^itm(0Rmmitti 3 0 r> /c. — 

[006 5} (||®SWI4 ) ftrlHUSI^ 1 tl^l 

$^?r©{^ L/C. iB|S]*lJiai|§ 14.24 CC*f Lr^ii^!! 

[0 06 6] C©7Kb^^^K:*JC»-C. 7*-*iU=i 10 
Xvd'ttSgMl^ijgStC. WPg5 MmOSSl 2 a. 1 
2 bffl^C, ffiS^©iaUn*ift?lt4Sffi9 0 VJgrEnai 

[0067] (momm^^fSi) /d:*j. *«?8(c#sj«a 

©f!t©S5ifflrtTa^ {C^HT i C i T&i-C^ 
[006 8] ^(C. m^S6 8(f§S^&^S&^SS 
r^U/ca7j^^lH-C«fiRl//cfc©. R. G. B© 20 

. *^>t»«ffis©iffifi©a^RiSs^^^f 
5 etc. ig«(iH]8S©rtaj«i)jS. -e©ffl^-a'«ffig-c 
[ 0 0 6 9 ] * /c. wsnmtmi&vitmpii-7 h >; 

©S?a^^^-7-=&«f9K:^t:ff(,»S*». ^CtiCT.^ V 
f-'^ if^^ im^Ht, TFT:Th1n FUm Transistor 
TFD:Thin Film Diode) trW^fiT f" 
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[0070] S/c. m@©«}fiS«:MLTB, 132. 3. 

rsK, «8![©sffiiffl{ci!>fe< ifcnoo^rsi©*!^* 
0fiS^fiB"c*nw. jBta©^y*^V'W:&ifii*«ot!!P-r4c 

[giM©f9W.cg(iBj] 

[01] *-f^Jl'*"7?-?»i'ffl[S®SilBS. 

[192 ] 3(:«M©^ 1 ll^fi^gffi-c^>^►ffl[B^as^^=^©»T 

BdHT. (A) \tmW^Vim=rtJi¥^^^H^t^f<M 
(B) (^«KS(CSit^J:«S«lf^^ie£3i^-/ctt^« 

[0 3 ] m 1 ©a3i50<|-C« S?ffiaan^^^©»fM0. 
[ 0 4 ] ^ 2 (D^m-C»3 SjffiS^m^-?©BTffi0. 

[05 ] h if 7.mf6)m<D'mmwsM^n<t^^ 
0. 

[06] tiA^}\^it^-7f-v t>mS^afi-<JMS^\^m-tWR 
0. 

[07] 7*-;<;il/=>-f 5'tfc«tc*4ffiS;»^*i'3'l' 
[0 8] V *—h}V^=-v *?^^ihi>WL.^^ifi^\^ 

—rv^'^mt u-^-r (,»*i^©— 0<i«r^-ri{iB>^0. 

[09] 7*-*-'i'=3-f i'i*®ic*iffia^3^3&*7'u 
-:^ttsi'^^<tL^'ri.»*i^©(a©w%5^r8»iB0. 
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